
c 9 LEVEL
RESEARCH AND DEVELOPMENT TECHNICAL REPORT

DELCS-TR-81-3

RADIATION AND TEMPERATURE TESTS OF CADMIUM TELLURIDE

00

OCKLE E.JOHNSON

L..

COMBAT SURVEILLANICE & TARGET ACQUISITION LABORATORY

DTIC
r7LECTE~
or-ECC2-2- 181

NOVEMBER 1931

SADISTRIBUTION STATEMENT

ADVOWe lor pUhiic release;
C,%tr~butiofl unlimited.

ERADCOM
US ARMY ELECTRONICS RESEARCH & DEVELOPMENT COMMAND

A MFORTCMN EOUE, NJERNSEY 0770

COBT UVELA.C &. TARGE 06U9IIO• LABO ATORY9-



a

4 4

U - -



J,

NOTICES ,

Disclaimers

The citation of trsde names and -ames of manufacturers in

this report is not to be construed as official Government
indorsement or approval of commercial praducts or services
refereaced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.

I

II



UNCLASSIF: -6
SECURITYf CLAFS'PICATION OF' THISI PAGE Fi~an Data Entred,,

PAGE READ INSTRUCTIONSREPORT DOCUMENTATION PAEBEFORE COMPLETING FORM
R5$`A:-~hi5RJ2ý 50VT ACCESSION NO. 3 RE ENT'S CATALOG NUMBER

S~hS. iPE OF REPORT & PERIOD COVERED

Radiation and Temperature Tests of Cadmium Technical Report

TellIuri'. Detectors, c 0 oOt8
SERORMING ORG. REPORT NuMBER

S. CONTRACT OR GRANT NUM~rR1.)

9~ ,: DR-' GA1,I ATIGCl N AME AND AOI'RES! 10. PROGRAM EL.EMENT. PROJ ECT, TASK

Com--b t Si~jrveillartce & Target Acaiuisition AE OKUI UBR

Rcjdi~ic~ DivisionLi.20DH35
Fort Monuiouth, NJ 07703 .27.03A

C~,'C... FFI-CE % .161t AND AOORESS r2,'WEPORT DATE

Electronics Research & Development Command
Cnrihca Surveillance &arqet Acquisition Laborato No v ewfrer 1981

Fort Mcnr'ouh. NJ 02..___________ 31
4 MlNiTlCF'.' ~ L~ NAWL A AL)D4Eyý, it Clille~rnir fr-, C',,nrollina Oticc) 15. SECURITY CLASS, (,f fI., report)

~ ~6:Unclalss;4ied

I6 Gi~nrovdc rTEnr cu l crelease distribution unlirrited

_~N 1 'I TLMEN ¶'- * -:t -I o ý,J t llfotk JO. lifdiff.-In from, Report)

IV KEYVNP~ &,, ar,oe ide 1! n-1*iy trnd Id-nIlly A, block num~ber)

CadmniLui Tcl luride
C~n"Raisiarion Ratemeter

[70 FI3 C' rs6C . wn.nn,, r r.. . . f -0 .. I- -. blok nIsmber)
Thr--'-t de-Crihes the hti. ol CdTe sensors together with front. d

ci C~r~~.ci evcloped Ly Radiation Moritorirqi Devicec-. Inc for RadiaL, D~visioli
CS I[0 LOI r' t or''. For t Monmou th , NJ.- These new solid state sersors shot,

in ters of iniature size and sensitivity, toward the development

mR/h to 10mR/h using* the least numbor of sensors.

DD ~ 147 DRP 1NV55 SO5CLEE-;.CLASSIFIED

. <SECURITY CLASSIFICATION OF THIS PAGE (Wne. Dlar. Entered)



UNCLASSIFIED
SECURITY CLASSIFICATION OT TMIS PAGE(rWh DOat Entered)

,To cover such a wide range of exposure - eight decades - two detectors were
used. The larqer and more sensitive sensor is l 6 mm in diameter by 2mrr thick.
The second d'.,tector which was made very small, to function at the higher
radiation levels, was only 2mm x 2mm x 0.25mm.

x-ray energy dependence using unshielded sensors varied from 120 at 85 keY to
14 at 222 keV compared to 1250 keV; this requires additional work toward
compensation and more uniform response.

Using tpr--prature compensating electronics, gamma radiation rates varied by a
maximum of 14¾ between -34C and 52 0 C.

Preliminary results from one test show that CdTe crystals are damaqed and
their pulse response degraded when exposed to even small doses (such as
57 rads tissue) of neutron radiation. Above all, and before all other
considerations and improvements, work must be accomplished to demonstrate
that adequate nuclear hardening of CdTe detectors (including *eutron radiation)
is feasible and attainable.

A

I '1

t"w

i-I Ii

UINCLASSIFIED
SECURITY CLASSINCATISN Or THIS PAGE(Wh-D



iI

II

CONTENTS

Page

Iqtroduc tion .................................................. 1

Calibration Linearity of tr'.e High Flux Unit ..................... 2
Temperature Tests ................................................ 2

Calibration Linearity of the Low Flux Unit .................... 3
X-Ra'. Enerqy Dependence of the High Flux Unit ................... 3

Count Stabilitv of the Low Flux Unit ............................. 4
Nuclear Hardening .......... ................................... 4

Conclusions and Recommendations .................................. 4
Ac r -.. :ledqements ................................................. 5

APPENDIX

Appendix. Characteristics of X-Rays Used in Energf

Dependent Tests ..................................... 6

FIGURES

Fiaurc IA, Prototype Radiac System with CdTe Detector ........ 7
IB. Low*i Flux Unit Pulse Output .......................... 8
IC. Spectrum From High Flux Crystal Exposed to Co 5 7

(122 keV Peak) .................................... 9
ID. Calibration L*nearity of High Flux Unit with

Cs 1 3 7 (AN/UDM-IA -*.Ith Plug Out-Source Open) ..... 10

2. Counting Rate Versus Counting Efficiency of High
Flux Unit .................. ...................... 0

3. Calibration Linearity of High Flux Unit with

Cs 1 3 7 (AN/UDM-lA) ................................ 12
4. Cali ration Linearity of High Flux Unit with

Co 0 (AN/UDM-l with No Plug) ..................... 13
5. X-Ray Energy Dependence of High Flux Unit ......... 14

5A. Enerqy Dependence of Cs 1 3 7 Compared to Co 6 0

(Sources Unshielded) .............................. 15
6. Caiibration Linearity of Low Flux Unit with Cs 1 3 7

(Low Level Calibration Range) ................... 16

7. Calibration Linearity of Low Flux Unit with Cs137

(AN/UDH-lA. Low Ranqe) .......................... 17
3. Calibration Li.earity of Low Flux Unit with Cs137

(AN/UDM-IA, Hich Panties) .......................... 18

t.I



Page

8A. Counting Rate Versus Efficiency of Low Flux Un t ....... 19
9. Cal ibration Linearity of Low Flux Unit with Co

(AN/UDM-1, Low Ranges) ............................... 20
10. Cal ibration Linearity of Low Flux Unit with Co6 0

(AN/UDM-1, High Range) ............................... 21
11. Energy Distribution of X-Rays at Effective Energies

of 56 keV, 85 keV and 129 keY ........................ 22
12. Energy Distribution of X-Rays at Effective Energies

of 129 keV, 178 keV, and 222 keV ...................... 23

TABLES

Table
I. Calibration Linearity of High Flux Unit with Cs1 3 7

(AN/UDM-IA with Plug Out-Source Open) ... . 24
2. Calibration Linearity of High Flux Unit with Csr 3 ......

(AN/UDM-IA) .......................................... 25
3. Calibration Linearity of High Flux Unit with Co6 0

(AN/UDM-l with no Plug) ............................... 25
4. X-Ray Energy Dependence of High Flux Unit at 10 R/h ..... 26
5. Temperature Test of High Flux Unit ..................... 27
6. Temperature Test of Low Flux Unit ...................... 27
7. Calibratio, Linearity of Low Flux Unit with cs13 7.  .  .

(Low Level Calibration Range) ................ ....... 28
8. Cal ibration Linearity of Low Flux Unit with Cs1 3 7.  .

(AN/UDM-IA with Plug Out-Sou;ce Closed) ............... 29
9. Calibration Linearity of Low Flux Unit with Co6 0

(AN/UDM-l) .............................. 30
10. Calibration Linearity of Low Flux Unit with Cs 1 3 7

(AN/UDM-IA) ........................................... 30
11. Count Stabil ity of Low Flux Unit ....................... 31
12. Count Stability of Low Flux Unit at I R/h

(3 Samples, 1 Minute Sample Time) ..................... 31

* -



I. INTRODUCTION

This report describes the testing to da!e of CdTe sensors together
with front ena electro;nics developed Lv Radiation Monitoring Devices,
Inc., for Radiac Division, Combat Surveillance and Target Acquisition
Lahorntor.,, Fort Mon:r.outh, NJ (Contract DAAK 20-30-C-0008). These new
solid state sennors shw.v promise, in terms of miniature size and
sensitivity, to..jard the development goal of wrist-watch-size military
radiac. Radiation Monitoring Devices, Inc. (RMD) was contracted to
produce CdTe detectors with preamplifiers, investigate temperature
performance, and deliver sample devices. The des*gn objective was the
development of a sensor Or~tocype whicn had a maximum variation in
sensitivity of +l01, for Cs137 oamma radiation over the temperature range
of -4 6 7C to 520C. In addition, the unit was to operate from I10 milli
raiJ De- hour (mR/h) to lO mR/h using the least number of sensors.

To cover such a wide range, ei-ht decades of exposure, two deLectors
were used. The larger and more sensitive sensor is 16 mm in diameter by
2rr:- thick. It was used with the temperature compensating electronics
devel-ped under the present program. The compensation is carried out
ty raising the detector bias voltace 33ý and reducing the lower level
threshold approximately 67T for the very low temperature region. This
compensation is :eouired by the reduction in charge collection at these
low temper3tures.

The second detector which was made very small to function at the
higher radiation levels was only 2mm x 2mm x 0.25mm. Even with this
min;ature detector the count rate was over 50,000 counts per second at
100 rids per hour (R/h). 'Jith a detector of such small area and thickness,
it w.-as possible to apply enoigh electric field to overcome the decrease
in charge mobility at low temperatures. Thus, it was found that the
sensitivity of this detector remained within t205 with no electronic
temperature compersation.

One of each size detector, alorn with its associated laboratory proto-
type electronizs, was delivered to -o't Monmouth for testing. The
electronics i,ý physically housed in two boxes, one for power supply (includ-
inq bias vollar-c), the other to accommodate the charge-sensitive pre-
amolifier anj pulse discriminator/shaper (Fig. IA). The output of the pulse
discr;-iiator/shaper consists of trains of square pulses about three volts
amplitude and about two microseconds in duration (Fig. 18). The pre-
amplificr output Pulse-spectrum is also photographed in Fig. 18. This
rPport details the testing of the two units.

Data a-s ol,tained by connectinni either the hiqh flux unit or the low
flux :,nit to the Mech-tronics Nuclear Model 702 Scaler-Timer and exposing
the uniý to (lamma radiation and x-ravs. A typical measurement was 10,000
c crrnts 2er minute.
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A Tracor Northern TN-1705 Pulse Height Analyzer (PHA) was used to
obtain preliminary gamma-ray spectra with the Cadmium Telluride crystals
being used as sensors (see Fig. IC). To enable coupling of the negative
pulse spectrum from the RMD preamplifier with the PHA, a linear, inverting
pulse amplifier had to be designed. Further work with PHA will be re-
quired in connection with investigation of energy dependence and pulse
height spectra for various gamme/x-ray energies.

2. CALIBRATION LINEARITY OF THE HIGH FLUX UNIT

The calibration linearity of the high flux unit was checked with a
Cs 13 7 gamma radiation source (AN/UDM-IA). Table I and Figure ID show the
results with the source plug out and the source open, that is, with no
shielding in the radiation path between the source and the detector.
Column 4 shows rate dependence. At 400 R/h the -elative countinu rate is
only 33.35 of the counting rate at 4 R/h. Counting rdte versus countina
efficiency is plotted in Figure 2. A smaller CdTe crystal would be J
desirable since it would tend to increase the linearity. However, it also
seems that some form of electronic compensation is required in order to
yield a rate-proportional response at high dose rates.

Table 2 and Figure 3 show the calibration linearity of the high flux
unit with Cs 13 7 using the AN/UDM-IA in its three source modes. The AN/UDM-
1A is a collimated source with or without shielding between the source and
the detector. In the "plug out-source open'" configuration there is no
shielding between the source and the detector, In the "plug in-source
oeen-confiquration there is a lead pluq in the collimation hole between
the source and the detector. In the "plug out-source closed'' confiuuiationr
there is no lead plug in the collimation hole, but the source is in a hole
in the lead pig and not aligned with the collimation hole. The lower
response, shown in Figure 3, in the "plug out-source closed" configuration
is probably due to energy dependence. This assumption is corroborated by
the considerable energy dependence observed with x-rays (para. 5 below).

Table 3 and Figure 4 show the calibration linearity of the high flux
unit with Co6 0 (AN/UDM-l). It is to be noted that the count rate on
9 Dec 80 decreased about 13"' compared to the count rate on 25 Nov 30. The
response shift of approximately 13X may be attributable to an inadvertent
slinht bumping of the CdTe detector hy the source plug.

3. TEMPERATURE TESTS

The original high flI c unit was susceptible to noise, which proved
particularly troublesome in the temperature chamber (noise pick-up). This
problem prevented temperature data from being obtained from this detector.
The manufacturer found that there was a poot ground connection and re-
placed the crystal. Temperature data was then collecLed on this replace-
ment CdTe device.
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Tablt" 5 shows the results of the temperature test of the new hiqh flux
unit. AL -510C the count rate is only 171, less than at room temperature.
At 520 C the count rate ,.as the same ;s at room temperature.

Table -, the o-u , -i !ho ter. rature test of the lot.. flux un; .
- % 0,C t hc count rate w.as oni. 14 lower than at room temperature. At -3Lo-

r,, count rate,• aatio was onlv 14,, hiqhe- thar at roon- temperature.

L1  CALIERATION LINEARITY Or THE LOW FLUX UNIT

Backaround count of the low flux unit was approximately 90 counts per
or 1.5 counts per second. At a radiation rate of 0.2 mR/h, the

court rate w-,as 2,423 counts per minut, . This translates to about L counts
p.-re •ond at 0.02 mR./h. This senr.•itivit. cknmpares favorably with the
e•!•w-tuhV present lv be-inn used in Radiacmoter AN/VDR-lI

Th!ý '"- and Fia ore 6 show the cal ibrat ion I inearity of the low flux K
'Nit "ith CS13, using the low level calibration range. Table 8 and

Fiqnres 7 and 8 show the calibration linearity of the low flux unit v-ith
cs13 7 tisinq the AN/UDM-IA. Figure 8 shows saturation at about 3 R/h.
Fiqure EA shows the counting rate versus counting efficiency of the lo..:
flux unit. Table 9 and Fiqures 9 ana 10 show the calibration linearity
( f thc io...; flux unit with Co lG -able 10 shows the non-linearity of tne
lov. flux unit above 100 mR/h. Since the high flux unit operates linearly
in tne 100 mR/h reoion, the low flux unit would not be required to function
it to-i- ranue.

5. t-n-,y ENERGY DEPENDENCE OF THE HIGH FLUX UNIT

Tic cnaracteristics of the x-rays used in the energy dependence tests,
ar,_ sI'c..n in the Appendix. A computer print-out showing the energy dis-
tribution at each effective enerqv is shown in Figures Il and 12.

Th- hiqh flux unit was exposed to highly filtered x-rays at a rate of
I0 R/h. The effective eneriies ranged from 56 keV to 222 keV. In addition,
thc hioh flux unit was exposed to Cs 1 3 7 with an energy of 662 keV and Co6 0
.. th an enerwy of 1.25 MeV. Results are presented in Table 4 and Figure 5.
Saturation occurred at hiuh count rates leading to the use of the countiri*
efficiency factor used in Tabi 4 and taken from Figure 2 and Table I. Since
-he r.axý-uri exposure availjble from o 0o 0 was 3 R/h, Figure 5A was used to
ioeriv,,e the cs1 3 7 to 0o6 0 ratio of 1.82. Count rate ratios compared to 1,250
L, -V varied from 120 at 85 keV to 14.o at 222 keV. An extremely enhanced low

r, revpone (,hv a factor of 40 at 8c keV, with lead shield; by a factor
,f 12 Z .; nout lead shield) is evident.

i.
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6. COUNT STABILITY OF THE LOW FLUX UNIT

The low flux unit was exposed in fixed geometry to a radium source. The

averaqe count rate was approximately 18,000 counts petr minute or about 2

mR,'h. 7able 11 shows that the count rate did not vary between 10 Dec 80 and

6 Jan 81.

Samples were taken on a random, intermittent basis, with power (bias

voltage) applied only during periods of counting. The detector remained

exposed to radiation continuously over the observation period.

In a second stability test, the activated (bias voltaqe applied) low

flux unit was exposed continuously to Co 6 0 at a rate of I-R/h, 24 hours

per day, beginning 2 Mar 81 and concluding 24 Mar 81, for a total of 503 K.

See Table 12. Count rates were checked throughout the period and did not

vary measurably over the entire interval.

NUCLEAR HARDENING

Preliminary results from one test show that CdTe crystals are damaced

and their pulse response degraded when exposed to even small doses (such

as 57 rads tissue) of neutron radiation. This observation resulted fron

rather recent tests rby Electronics Technioloqy and Devices Laboratory) at a

Fast Burst Reactor facility, and a review of all relevant data was still in

progress at the time of this writing. Damaged crystals will be examined

further and additional experiments will be proposed to more fully evaluate

the degree of vulnerability to neutron exposure.

8. CONCLUSIONS AND RECOMMENDATIONS

The key to developing the generation of wrist-watch-size and other

"-iniature military radiacs rests on the size, sensitivity, and power

demand ot available nuclear radiation dete-nrs. The effort discussed here

represent5 an initial phase to investigate the feasibility of utC Zhc no%.-

r-iniature solid-state Cadmium Telluride (CdTe) radiation detector for this

application. The test results demonstrate that CdTe detectors basicallv

show oromise and could, indeed, be used over most of the decired radiation

exposu, e range and environmental temnerature condi t ions requi red for [
-ilitarv field use. In particular, the operational prototyPe hardware wIth;

eIectronics, which was developed and delwve red to rt. Monmouth, maintai!s

detector sensitivity to within ±14i. over the temperature ranqe of -46°C to

520C in radiation fields of 10-2 mR/h to 105 mR/h. It is necessary, thouqh,

to reduce the size of the high level detector or otherwisu to reduce itsL

"-axinum court rate, so that it v: ill respond with acceptahle i near;ty to

tne umner limit of dose-rate measurement (10 6 mR/h).

X-ray eneroy dependence of the high flux unit compared to 1,250 keV

varied frcm a factor of 120 at 85 keV to 14.0 at 220 keV. Effort must

1



be Girected toward compensating for this unusually high energy dependence.
Above all and before all other considerations and improvements, work must
be accomplished to demonstrate that adequate nuclear hardening of CdTe
detectors (including neutrcn radiation) is feasible and attainable.
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APPENDIX

CHARACTERISTICS OF X-RAYS USED IN ENERGY DEPENDENT TESTS

The x-ray machine used in the energy dependence tests is a 250 kV

Westinghouse Quadracondex. The beam is heavily filtered using ERADCOM
filters. Exoosures were made at 10 R/h with a filament curre-t of 10 mA.
The inherent filtration is equivalent to 3'rm of aluminum. The -- ray
machine was calibrated using NBS certified R-meters. The CdTe units w;ere
exposed to x-rays of 56 keV, 85 keV, 129 keV, 178 keV, and 222 keV
effective energy.

Following are the specific characteristics of each effective energy.
A computer print-out showing the energy distribution at each effective
energy s show.in in Figures II and 12.

Effective Energy: 56 keV

Tube Potential: 70kV
Filtration: 0.89mm Copper

Distance from Target: 69.7cm

Effective Energy: 85 keY

Tube Potential: 100 kV

Filt,'ation: 1.0 4 mm Tin
Distance from Targct: N3.7cm

Effective Energy: 129 keV

Tube Potential: 150 kV

Filtration: .1l3rmi Tin
Distance from Target: 3 .7cm

Effective Energ': 178 keV

Tube Potential: 200 kV
Filtration: 2.07mm Tin plus 1.9 4 --m Lead

Distance from Target: 26.7cm

Effective Energy: 222 kcV

Tube Potential: 250 kV
Filtration: 2.07:m Tin rlus 3.83r-' Lead

Distance fror, Tarqct: 32.7cm

6
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Figure 1B - Low Flux Unit Pulse Output.

Lower Trace: Pulse Shaper Output, 2.0 Volts/CM

Upper Trace: Preamplifier Output, 0.2 Volts/CM

2.0 Microsecond!/CM
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Figure IC - Spectrum from High Flux Crystal Expobed to
Cop' (122 keV Peak)
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I
TABLE 1. CALIBRATION LINEARITY OF HIGH FLUX UNIT WITH C5137

(AN/UDM-IA WITH PLUG OUT-SOURCE OPEN)

Radiation
Rate Count Rate

SR/h Counts/Minute 
C/m/R/hib,(4R/h)

'4 209,900 52.5 100.0

5 259,400 51.9 98.9

S10 492,600 49.3 93.9

20 932,200 46.6 88.8

'40 1,722,000 43.1 82.1

50 2,081,000 41.6 79.2

80 3,010,000 37.9 72.2

100 3,524,000 35.2 67.0

150 4,578,000 30.5 58.1

f 200 5,346,000 26.7 50.9

S300 6,336,000 21.7 41.3

'400 6,999,000 17.5 33.3

24



TABLE 2. CALIBRATION LINEARITY OF HIGH FLUX UNIT
WITH Cs] 3 7 (AN/UDM-IA)

Radiation
Rate Count Rate
mR/h Counts/Minute Source Mode

50 1.754 Plug Out-Source Closed
100 3,586 Plug Out-Source Closed
200 6,666 Plua Out-Source Closed
500 15,910 Plug Out-Source Closed

1,000 32,152 Plug Out-Source Closed
2,000 65.849 Plug Out-Source Closed
14,000 136,828 Plug Out-Source Closcd

50 3,231 Plug Out-Source Open
100 6,325 Plug Out-Source Open

4.000 209,966 Plug Out-Source Open
5,000 259,400 Plug Out-Source Open

10,000 492,600 Plug Out-Source Open

TABLE 3. CALIBRATION LINEARI-Y OF HIGH FLUX UNIT
WITH Co6 o (AN./UDM-1 WITH NO PLUG)

Radiation Count Rate Count Rate
Rate 25 Nov 80 9 Dec 80
R/h Counts/Minute Counts/Minute Ratio

0.3 6,957
0.5 13,732 11,852 0.86
1.0 28,372 25,178 o.89
2.0 65,188 56,029 o.86

j
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TABLE 4. X-RAY ENERGY DEPENDENCE OF HIGH FLUX UNIT AT 10 R/h

Effective Counting Normalized Enerqy

Energy Count Rate Efficiency Count Rate Dependence

keV Counts/hinute Factor Counts/Minute Ratio.'

56 7,857,000 4.55 35,700,000 124.3

85 7,792,000 4.44 34,600,000 120.3

129 7,117,00- 3.22 22,9n0,000 79.5

178 5,028,000 1.82 9,150,000 31.8

222 2,907,000 1.39 4,040,000 14.0

662 492,700 1.O6 523,000 1.82

1250 287.000 1.00 287 7, 000 '.00

5 6 3,318,000 1.46 4,844,000 17.9

85*"' 5,972,000 1.82 I0,867,000 40.1

Compared to 1250 keV

-Derived from Figure 5
CdTe covered with 0.0156 inches of lead
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TABLE 5. TEMPERATURE TEST OF HIGH FLUX UNIT

Temperature Count Rate
°c Counts/Minute Ratio"%

23 2,617 1.00 3
52 2,615 1.00

-51 2,582 0.99

* Compared tc Room Temperature Reading

TABLE 6. TEMPERATURE TEST OF LOW FLUX UNIT

Temnr rat ure Count Rate
°C Counts/Minute Ratio*

2) 6.932 1.00

52 6,672 0.96

-34 7,920 1.14

Co'npared to Room Temperature Reading
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TABLE 7. CALIBRATION LINEARITY OF LOW FLUX UNIT WITH Cs 1 3 7

(LOW LEVEL CALIBRATION RANGE)

Radiation

Rate Count Rate
mR/h Counts/Minute

0.2 2,423
0.4 4,422
0.6 6,449
0.8 8,453
1.0 10,591
2.0 19,681
4.0 38,158
6.0 54,451
8.0 74,447

10.0 93,740
20.0 184,681
4o.o 356,933
60.0 509,995

28
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I
TABLE 8. CALIBRATION LINEARITY OF LOW FLUX UNIT WITH Cs 1 3 7

(AN/UDM-IA WITH PLUG OUT-SOURCE CLOSED)

Ridiat on
Rate Count Rate

mR/h Counts/Minute Source Mode

2 34,850 Plua in-Source Open

5 65,142 Plug in-Source Open

10 114,100 Plug in-Source Open

20 209,200 Plug in-Source Open

50 4e4,300 Plug in-Source Open

100 934,800 Plug in-Source Open

50 251,000 Plug Out-Source Closed

)00 564,000 Plug Out-Source Closed

200 1,087,OOO Plug Out-Source Closed

500 2,391,O00 Plug Out-Source Closed

1,000 3,880O000 Plug Out-Source Closed

2.000 5,650,000 Plug Out-Source Closed

3,300 6,565,000 Plug Out-Source Open

5,000 6,997,000 Plug Out-Source Open

10,000 7,198,000 Plug Out-Source Open

20,000 7,184,000 Plug Out-Source Open

50,000 7,304,000 Plug Out-Source Open
100,000 7,425,000 Plug Out-Source Open

200,000 7,521,000 Plug Out-Source Open

29
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TABLE 9. CALIBRATION LINEARITY OF LOW FLUX UNIT WITH Co6 0 (AN/UDM-1)

Radiation
Rate Count Rate
mR/h Counts/Mi nuterce Mode

0.5 
2,041 Plug A

1.0 3,989 Plug A

2.0 7,839 Plug A

5.0 22,053 Plug A

2 7,324 Plug B

5 18,834 Plug B

10 
39,873 Plug B

20 83,357 Plug B )

500 1,641,000 
No Plug

1,000 2,847,000 No Plug

2,000 
4,354,000 

No Plug

II

TABLE 10. CALIBRATION LINEARITY OF LOW FLUX UNIT W!Tw C,,3
7 (AN/UDM-1A)

RadiationRate 

i

mR/h Counts/Minute C/M/mR/h • (50mR/h)

50 291,000 5,820 100.0

100 564,000 5,640 96.9

200 1,087,000 5,435 93.4

500 2,391,000 4,782 82.2

1,000 3.880.000 3,880 66.7

2,000 5,650,000 2,825 8.C

3,000 6,565,000 2,183 37.6

5,000 6,997.003 1,399 24.0

10.000 7,196,000 
720 12.4

20,000 7,184,030 359 6.2

50,000 7,304,000 146 2.5

100,000 7,425,000 
17L 1.3

200,000 7,521,000 38 0.6
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T P.!..E I I `O:.t4T STA13ILITY OF LOW FLUX UNIT

A\,cr-aqc 0 NumberŽ

0a" U v' aIt Ion x Samp es

2 .c 1 55 7
Ii D, '" -. l; S'•6 0)n.45. 1

2 Ic 7"e, I658
6 " 80 17,- 938 7.521 13

7 r'7,7 3 0.378 16
u. DC 80 5.q 4S7

QG ,. ( O 17C 17 7 ,4 4 2
22 , .l 3 '' 0.5143 16

.E. , 582 407 0 380 11
•' D,-C • , I r'.• 0. 540

". D~.q • 3. P4, ,) 0. 4 70 1 4
6 S, 18 ,0 6 1,203 0.668

JI~I ~ 4 )7 t

T,,ILE I'. COUNT STABI. ITY ,3F LOW FLUX UNIT AT 1 R/h i
SASMPLES, I MINUTF SAMPL[ TIME)-,,

Ave race
Counts

Da•.Per Minute

3 March SI 2 .893 .00
!, Vch Si 2,885,0,'0

6 Marc') 81 2,874.000
3 Ml r,: ,i ,873,000

13 March 81 2,871,000
,. Mar~h 81 2, 881 ,00
23 M-rch S1 2,887 000
24 Mcirch 81 2.372.000
D rý t. o n Co60

?'e;, Ot,'ctor voltic and tILIradiation was appli ed
.Mnt i eli , I' over entire period (3-24 Mar 81).
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